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(54) EXHAUST GAS CONCENTRATION FEEDBACK DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an exhaust gas 
concentration feedback device which can generate a 
condition in which the catalyst of such a type as 
decomposing NOx even in the oxidizing atmosphere 
exerts its best purifying efficiency. 
SOLUTION: An NOx decomposing catalyst 1 can purify 
both NOx and HC in the best performance when the 
concentrations of the NOx and HC in the exhaust gas *[ 
meet the specified relation. Therefore, the 
concentrations of the NOx and HC in the exhaust gas 
before catalyst are arranged so as to meet the specified 
relation. A sensor 7 for sensing these concentrations is 
installed in front of the catalyst 1. An HC smoothing 
member 8 is installed for averaging the temporal 
variation of the HC. Thus it is possible to purify NOx in 
good efficiency in whichever operating condition the 
engine is, and high-level regulations of the exhaust gas 
and the fuel consumption can be achieved at the same 
time. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An exhaust air concentration feedback device characterized by making concentration of 
two or more exhaust air ingredients become a certain specific value so that HC flow smoothing 
member might be provided before said catalyst and purification efficiency of said catalyst might 
become the best in an exhaust emission control device which purifies exhaust gas of an internal- 
combustion engine using a catalyst. 

[Claim 2]An exhaust air concentration feedback device characterized by making the ratio of 
concentration of two or more exhaust air ingredients become a certain specific value in claim 1. 
[Claim 3]An exhaust air concentration feedback device characterized by making concentration of 
two or more exhaust air ingredients become a certain specific value by controlling an air-fuel 
ratio supplied to an engine in claim 1. 

[Claim 4]An exhaust air concentration feedback device forming a device to which concentration 
of at least one exhaust air ingredient can be changed among two or more exhaust air ingredients 
in claim 1. 

[Claim 5]An exhaust air concentration feedback device forming a device which detects at least 
one of the concentration of two or more exhaust air ingredients in claim 1. 
[Claim 6]An exhaust air concentration feedback device presuming at least one of the 
concentration of two or more exhaust air ingredients from operational status of an organization 
in claim 1. 

[Claim 7]An exhaust air concentration feedback device making a catalyst into a catalyst which 
can decompose NOx also by an oxidizing atmosphere in claim 1. 

[Claim 8]An exhaust air concentration feedback device characterized by said HC flow smoothing 
member being HC adsorbent in claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]It is related with the exhaust emission control device which purifies the 
exhaust gas of an internal-combustion engine, and is related with the method of controlling at 
the time of using the catalyst which can especially decompose NOx also by an oxidizing 
atmosphere. 
[0002] 

[Description of the Prior Art]In the conventional device, like a statement to JP,58-59331,A, 
Hydrocarbon (HC) is detected, in order to prevent a flame failure, an air-fuel ratio is controlled 
not to exceed a specific value with the value, and two or more exhaust air concentration is not 
controlled so that the purification efficiency of a catalyst becomes good like this invention. 
[0003]JP,2-91443,A has like a statement some which combined CO detection of feedback to 
theoretical air fuel ratio, and a transient. However, the learning control of the amount of CO 
spikes of a transient is carried out to a predetermined value, and the purification efficiency of a 
catalyst is not taken into consideration about the technique of improving. 
[0004] 

[Problem(s) to be Solved by the Invention]There is the purpose of this invention in making the 
state with the most sufficient purification efficiency of this catalyst, when the catalyst which can 
decompose NOx also by an oxidizing atmosphere is used. 
[0005] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, a device which 
makes exhaust air concentration in front of a catalyst a certain specific value, and a device 
which maintains temperature of a catalyst at a certain specific range are required. 
[0006] 

[Embodiment of the Invention]One example of this invention is shown in drawing 1 . In the figure, 
the NOx decomposition catalyst 1 is formed in the exhaust pipe 2, and the exhaust air 
discharged from the engine 3 is purified. The temperature requirement with purification efficiency 
sufficient [ the NOx decomposition catalyst 1 ] is restricted here. For this reason, heating for 
controlling by this example to a suitable temperature requirement and the cooling system 4 are 
established, and it operates with the signal of the control unit 5. When the engine 3 has got cold, 
heating apparatus is operated, the catalyst 1 is heated and it controls to temperature with 
sufficient purification efficiency. After the engine 3 is warmed up, it cools so that it may become 
temperature with sufficient purification efficiency. Thus, if the temperature of the catalyst 1 is 
controlled, it can maintain at an always efficient state. In order to realize this temperature 
control, the temperature sensor 6 detected the temperature of the catalyst 1, and this signal is 
inputted into the control unit 5. 

[0007]When it is the defined relation with NOx under exhaust air, and the concentration of HC, 
both NOx and HC can purify the NOx decomposition catalyst 1 best. For this reason, it is made 
to become the defined relation with NOx of exhaust air before a catalyst, and the concentration 
of HC in this example. For this reason, the sensor 7 for detecting the concentration of NOx and 
HC is formed before the catalyst 1. The concentration of NOx and HC can be presumed from an 
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air-fuel ratio and operational status (number of rotations, load, temperature) so that it may 
mention later. In this case, the sensor which detects an air-fuel ratio may be sufficient as the 
sensor 7. 

[0008]Engine exhaust air (HC) is changed in time corresponding to operation of an exhaust valve. 
HC in front of the catalyst 1 is also changed in time, and it becomes impossible for this reason, 
to maintain the relation of optimal NOx and HC. In this invention, HC flow smoothing member 8 is 
formed and a time change of HC is equalized. HC of exhaust air can be smoothed also by what 
the particles of the fuel injected from the fuel injection valve 9 are made small also for 
(microatomization). 

[0009]The NOx purification principle of the NOx decomposition catalyst was shown in drawing 2 
and drawing 3 . This catalyst 1 can purify NOx also by an oxidizing atmosphere with oxygen. As 
shown in drawing 2 , oxygen reacts to HC explosively first on the surface of the catalyst 1, and 
oxygen is removed from the catalyst 1 surface. Next, like d rawing 3 , NOx sticks to the surface of 
the catalyst 1 selectively, and is decomposed into it Thereby, NOx and HC are purified 
simultaneously. Next, oxygen reacts to HC on the surface of the catalyst 1 again. By the above 
principle, NOx is removable also by an oxidizing atmosphere. This invention relates to the device 
and its controlling method for operating this catalyst efficiently. 

[0010]The characteristic of the NOx decomposition catalyst was shown in dra wing 4 . Drawing 4 
showed the ratio (NOx/HC) of NOx and HC, and the relation of the purifying rate. When [ that 
NOx/HC is small ] there is much HC, all NOx is purified, but it will remain, without HC oxidizing. 
When [ that NOx/HC is large ] there is much NOx, it will remain without purifying NOx. That is, 
both NOx and HC need to be both purified at the value with optimal NOx/HC. That the 1.2 to 
NOx/HC=0.7 neighborhood is specifically the best has checked in the experiment. The 
concentration in exhaust gas is controlled by this invention for this reason. The relation between 
the temperature of a catalyst and the purifying rate of NOx was shown in drawing 5. Purification 
efficiency falls [ below a certain temperature requirement / the above ]. For this reason, heating 
and a cooling system are established and the temperature of a catalyst is controlled by this 
invention. 

[001 1]Next, one example of a sensor for detecting the gas concentration under exhaust air was 
shown in dra wing 6. This sensor measures gas concentration by the absorption of light. There 
are the light emitting device 10 which gives off the light of a certain specific wavelength, and the 
photo detector 11, and gas concentration is measured with the light income of the photo 
detector 11 when exhaust gas passes along the passage 13. The circuit 12 for detection was 
established in the inside of a sensor. Exhaust air is led to a sensor part through the passage 15 
of the protective tube 14. The A-A section of a sensor part is shown in drawing 7. In this 
example, the light of the light emitting device 10 is received with two or more photo detectors 
1 1 a and 1 1 b. Here, in order to detect the light of required wavelength, the optical filters 1 6a and 
16b were formed in front of the photo detectors 11a and 11b. This provides the optical filter of 
the absorption wavelength of NOx and HC, for example. The wavelength of light and the relation 
of transmissivity are shown in drawing 8 . For example, if the absorption wavelength of NOx and 
lambda 2 make lambda 1 the absorption wavelength of HC, the light of the wavelength will be 
absorbed by gas and light income will decrease. For this reason, the concentration of gas is 
known if the output of a photo detector is detected. 

[0012]The characteristic of this sensor was shown in drawing 9 . Drawing 9 showed HC, NOx 
quantity, and the relation of the detect output. Reduction of HC and NOx quantity will decrease 
a detect output. In the example of this invention, since he would like to know NOx/HC, one 
example of the circuit which outputs the result of the division of each detection value is shown 
in drawing 10 . The signal corresponding to each NOx and HC through the optical filters 16a and 
16b and the photo detectors 11a and 11b is amplified with the amplifier 17a and 17b. These 
signals are inputted into the divider 18 and the signal of NOx/HC is made. This signal is inputted 
into the microcomputer 5 and used for control. 

[0013]The relation between an air-fuel ratio and exhaust air concentration is shown in drawing 
11. In the conventional device, since the three way component catalyst was used, the control- 
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objectives air-fuel ratio was made into the theoretical air fuel ratio (A/F=14.7) of (**). In this 
invention, since the lean air fuel ratio also uses the catalyst which can carry out direct 
dissociation of the NOx, a control-objectives air-fuel ratio can be set as a lean air fuel ratio. In 
this lean air fuel ratio, NOx/HC controls by this invention to air-fuel ratio (**) which becomes a 
value with sufficient purification efficiency. A target air fuel ratio is taken as an air-fuel ratio 
smaller than lean combustion marginal (**). When there are two or more air-fuel ratios used as 
NOx/HC with sufficient purification efficiency, it controls to the largest air-fuel ratio in it. 
[001 4]A discharge state is indicated to be a principle of engine HC discharge to drawing 12 . As 
shown in drawing 12 , as the slash showed, in the engine combustion chamber 20, the liquid 
membrane of fuel adheres to the head of the head 21 and the piston 22. This fuel liquid film is 
discharged in an exhaust pipe as [ ****** ]. As the discharge state at this time was shown in 
drawing 13 , the fuel which adhered to the cylinder head 21 the first stage in an exhaust stroke 
as shown in (b) is discharged so much, and the fuel adhering to a piston head is discharged in the 
second half of an exhaust stroke, as shown in (**). Thus, discharge of HC will be changed in an 
exhaust stroke. For this reason, if the HC concentration in front of a catalyst is changed, the 
value of NOx/HC will be changed sharply and the purification efficiency of a catalyst will fall. It is 
necessary to smooth change of this HC. 

[001 5]A means to smooth change of HC discharge is shown in drawing 14 . And change of HC 
discharge can be controlled by forming this device upstream of a catalyst. Drawing 14 f orms the 
passage 23 of honeycomb shape into an exhaust pipe, makes HC adhere, and is made to smooth. 
Drawing 15 f orms the passage 24 in a completely different class which makes a channel change 
into an exhaust pipe, and HC collides with a member and it is smoothed. Drawing 16 is the 
structure of forming the material 25 which adsorbs HC into an exhaust pipe. For example, there 
is material of a zeolite system. This adsorbs HC at the time of the low temperature by which HC 
is discharged so much, and desorbs HC gradually at the time of warming up whose HC discharge 
decreases. For this reason, HC discharge is smoothed. HC situation immediately after engine 
start was shown in drawin g 16. An exhaust-gas temperature is low immediately after start up, 
and there are many HC discharges. Since NOx emission has few these stages, the value of 
NOx/HC does not become the optimal but the purification efficiency of a NOx decomposition 
catalyst falls. It is necessary to smooth HC discharge immediately after start up. The effect at 
the time of using by adsorption material is shown in drawing 12 . Since HC adsorbs immediately 
after start up, there are few HC discharges to an exhaust pipe. For this reason, NOx/HC can be 
maintained at the optimal state. Thus, adsorption material is effective in smoothing of HC. 
[0016]The method of controlling catalyst temperature is shown in drawing 18 . Drawing 18 
showed change of the catalyst temperature immediately after start up. Since the engine is not 
warmed up, a catalyst is not activated low but the catalyst temperature immediately after start 
up has bad exhaust-air-purification efficiency. If an engine operates with a heavy load, an 
exhaust-gas temperature will become high unusually and the purification efficiency of a catalyst 
will fall again. In order to keep purification efficiency, such as a NOx decomposition catalyst, 
good, it must control to the optimal temperature requirement. Catalyst temperature was 
controlled by this invention like the dotted line of (b), and it aimed at maintaining at an always 
efficient state by it. The device is shown in drawing 19 . The catalyst 1 is formed in the exhaust 
pipe 2. This catalyst supports a catalyst material (for example, Cu zeolite system) to a metal 
carrier, for example. Current is supplied to this metal carrier according to the power supply 30, 
and the electric heating of the catalyst 1 is carried out to it. At the time of the low temperature 
immediately after start up, the catalyst 1 is heated to the optimal temperature by this electric 
heating. If an engine will be in a high load operation state, the cooling water 31 will be circulated, 
a catalyst will be cooled and it will control to the optimal temperature. Control of the cooling 
water 31 is performed by making the electro-magnetic valve 32 provided in the cooling water 
piping system turn on and turn off with the signal of the catalyst temperature sensor 6. This 
cooling water is cooled, for example by the radiator 33 and the fan 34. Thus, heating and a 
cooling method are controlled and the temperature of a catalyst is maintained at the best 
temperature of purification efficiency. The flow chart for controlling the exhaust air 
concentration in front of a catalyst to the optimal value was shown in drawing 20 . At the 
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introduction step 20, the operational status of an organization is led from each sensor. 
Operational status is the suction air quantity Qa, exhaust-gas-temperature Te, etc. as the 
number of rotations N and load, for example. Next, target air fuel ratio A/F to control is set up 
from this operational status at Step 201. If it becomes a target air fuel ratio at Step 202, the 
detection value of an exhaust air concentration sensor is led. Next, Step 203 compares this 
detected actual concentration and the concentration to which the purification efficiency of a 
catalyst becomes the optimal. When not in agreement at Step 204, a target air fuel ratio is 
changed. Thus, exhaust air concentration is controllable to the always optimal value. 
[0017]The flows of control for controlling catalyst temperature are shown in drawing 21 . The 
detection value of the catalyst sensor 6 is led at Step 210. If this actual temperature is a desired 
value, it will finish a flow with Step 211. If it is except a desired value at Step 21 1 , it judges 
whether it is larger than a desired value or small at Step 212, and when large, cooling operation 
will be started at Step 213. When smaller than a desired value, heating operation is started at 
Step 214. An example of the device for performing this control was shown in drawing 19 . Another 
example was shown in drawing 22 . In this example, the oxidation catalyst 40 and the secondary 
air control valve 41 which introduces air into the exhaust pipe 2 were formed before the NOx 
decomposition catalyst 1. As the NOx decomposition catalyst 1 was mentioned above, 
purification efficiency becomes the highest when the ratio of NOx to HC is the optimal. HC 
concentration is controlled by this example to become the optimal ratio. The oxidation catalyst 
40 oxidizes HC in an oxidizing atmosphere with air. The HC concentration discharged from an 
engine is oxidized by the oxidation catalyst 40 by controlling a secondary air amount, and HC 
concentration in front of the NOx decomposition catalyst 1 is made into the optimal value. The 
exhaust air ingredient of back B was shown in drawing 23 and drawing 24 t he oxidation catalyst 

40 front A. Respectively, the vertical axis of a horizontal axis is exhaust air concentration in 
secondary air amount Qa 2 . Oxygen is contained in the secondary air. In front of the oxidation 
catalyst 40, even if it increases a secondary air amount, NOx and HC do not change. After the 
oxidation catalyst 40, only HC concentration changes with the increase in a secondary air 
amount. Of course, oxygen under secondary air also changes. Thus, HC concentration is 
controllable by changing a secondary air amount. The field of (b) where the value of NOx/HC 
becomes the optimal as shown in drawing 24 here is a desired value of control. The control valve 

41 is controlled by the microcomputer 5 to become the secondary air amount here. A decision of 
a controlled variable is made based on the signal of the exhaust air concentration sensor 7. The 
secondary air amount introduced according to the HC amount which the sensor 7 detected is 
determined, and the control valve 41 is operated. The sensor 7 may be between the oxidation 
catalyst 40 and the NOx decomposition catalyst 1. In this case, it becomes what is called 
feedback control that controls the control valve 41, verifying whether the value of NOx/HC is 
the optimal. Their Lean is also effective even when the engine operational status of the above 
operations is rich. 

[0018]The flow of control is shown in drawing 25 . Introduction and the sensor 7 show the 
example in the case of being provided between the oxidation catalyst 40 and the NOx 
decomposition catalyst 1. It is set as a target air fuel ratio at Step 250, and NOx/HC 
concentration is detected at Step 251. When this value is larger than a predetermined value, a 
secondary air amount is decreased at Step 253, and HC concentration is made to increase at 
Step 252. When smaller than a predetermined value, a secondary air amount is made to increase 
at Step 254. Presumption from operational status may be sufficient as detection of NOx/HC in 
Step 251 so that it may state later. 

[0019]An example of the method of presumption of NOx/HC concentration was shown in drawing 
26. Like drawing 26 , the central value of NOx/HC is memorized with engine number of rotations 
and load. As shown in drawing 27 at this value, it asks for the actual ratio of concentration, 
applying the correction factor based on an exhaust-gas temperature. 

[0020]How to change HC to the change of the control of an HC amount by the oxidation catalyst 
40 shown in drawing 22 by ignition timing is shown in drawing 28 . If ignition timing is made small 
and it brings close to TDC (top dead center) as shown in drawing 28 , HC discharge will fall. If this 
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delays ignition timing (arrow) like (b) as shown in drawing 29 , since combustion continues even in 
after TDC and HC of a combustion chamber is burned, HC concentration will fall. Thus, also by 
controlling ignition timing, HC concentration can be controlled and NOx/HC can be controlled to 
the optimal value. 

[002l]The flow is shown in drawing 30 . The air-fuel ratio supplied to an engine at Step 300 is set 
as a target air fuel ratio, and NOx/HC concentration is detected at Step 301. At Step 302, when 
this value is larger than a predetermined value, ignition timing is advanced at Step 303, HC 
discharge is enlarged, and NOx/HC is made small. When smaller than a predetermined value, 
ignition timing is delayed at Step 304, HC discharge is made small, and NOx/HC is enlarged. 
Presumption shown previously may be sufficient as detection of NOx/HC in Step 301. 
[0022]The option which controls NOx/HC is shown in drawing 31 . The composition of the device 
was shown in drawing 31 . The concentration of NOx is controlled among exhaust air in the 
exhaust pipe in front of the NOx decomposition catalyst 1. For this reason, the passage 51 and 
the control valve 52 which return exhaust air of the exhaust pipe 2 to the inlet pipe 50 were 
provided. That is, it is an exhaust reflux device. The relation between the amount (EGR) of 
exhaust reflux at the time of performing this exhaust reflux (EGR) and exhaust air concentration 
is shown in drawing 32 . An increase of an EGR amount will decrease NOx emission. Combustion 
gets worse and (b) which HC begins to increase can control NOx quantity by change of an EGR 
amount. Based on the detection value of the exhaust air concentration sensor 7, NOx by EGR is 
controlled so that NOx/HC becomes the optimal value. 

[0023]The flow of control is shown in drawing 33 . After setting it as a target air fuel ratio at Step 
330, NOx/HC is detected at Step 331. By Step 332, when this value is larger than a 
predetermined value, an EGR amount is increased at Step 333. When small, an EGR amount is 
made small at Step 334. 

[0024]Another example which controls NOx and HC is shown in drawing 34 . The exhaust air 
concentration sensor 50 is formed after the NOx decomposition catalyst 1. Based on the 
detection value of this sensor, the control valve 41 of a secondary air amount is controlled, and 
NOx and HC concentration are controlled. In this case, ignition timing and the control by EGR 
which were shown previously may be sufficient. In this example, since the result of the cleaning 
effect of the catalyst 1 was detected and the controlled variable is decided, accuracy improves. 
The relation between secondary air amount Qa 2 in an A point and exhaust air concentration was 
shown in drawing 35 . When Qa 2 has optimal value, NOx and HC have the minimum value. The 
microcomputer 5 determines a controlled variable based on the detection value of the sensor 50 
so that it may be in such a state. 

[0025]One example of the flow of the control was shown in drawing 36 . After setting it as a 
target air fuel ratio at Step 360, the sensor 50 detects NOx and HC concentration at Step 361. 
When both are small, they finish a flow with Step 362. In NO, secondary air amount Qa 2 is 
adjusted at Step 363. One example of the flow of regulation of this secondary air amount Qa 2 is 
shown in drawing 37 . At Step 370, when [ that NOx is small ] HC is large, secondary air amount 
Qa 2 is made to increase at Step 371, and only an HC amount is made small. When NOx is large 
at Step 372 again and HC is small, secondary air amount Qa 2 is decreased at Step 373, HC is 
enlarged, and NOx/HC is made into the optimal value. 

[0026]Another example is shown in drawing 38 . The sensor 50 is formed after the NOx 
decomposition catalyst 1. The secondary air control valve 41 is controlled based on the signal of 
this sensor 50. However, the oxidation catalyst is not used in this example. Although it is 
ineffective compared with the case where an oxidation catalyst is used, HC oxidizes having 
introduced the secondary air into the exhaust pipe 2. Thus, an effect of the invention is obtained 
also by a simple method. The flow of control is the same as that of drawin g 36 and drawing 37 . 
[0027]Next, the option which controls the temperature of the catalyst 1 was shown in drawing 
39 . This method changed the exhaust-gas temperature by ignition timing, controls the 
temperature of the catalyst 1 indirectly, and showed drawing 39 t he relation between ignition 
timing and an exhaust-gas temperature. If ignition timing becomes small, an exhaust-gas 
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temperature will rise. This is for combustion to continue till the second half, if ignition timing is 
small as drawing 28 and drawing 29 described. 

[0028]The flow of temperature control was shown in drawing 40 . Catalyst temperature is led at 
Step 400, and at Step 401, in the time outside a target range, by Step 402, when larger than a 
target, ignition timing is enlarged at Step 403, and an exhaust-gas temperature is lowered. When 
smaller than a target, ignition timing is made small at Step 404, and an exhaust-gas temperature 
is raised. 

[0029]Another example was shown in drawing 41 . This example is for smoothing HC discharge 
from an engine. In order to smooth HC discharge, it is effective to equalize the fuel spray with 
which an engine is presented. It is effective to use the good fuel injection valve of 
microatomization of fuel as the fuel injection valve 60. In this example, the fuel injection valve 60 
which microatomizes fuel according to an air current was used. In order to obtain the air for 
microatomization, the air pump 61 is formed and air is sent to the fuel injection valve 60 via the 
air duct 62. The structure of the fuel jet part of this fuel injection valve 60 was shown in drawing 
42. If the needle 63 is raised by an electromagnetic valve, fuel will blow off from the main well 64 
through the orifice 65. The air for microatomization which flows into this fuel that blew off from 
the air duct 66 is applied. For this reason, fuel is divided in a small particle of 100 micrometers or 
less with the kinetic energy of air. This small particle is spouted from the jet hole 67 to the inlet 
pipe 68. HC discharge is smoothed by the fuel injection valve which forms this small fuel particle. 

[0030]The situation of fuel by this example is shown in drawing 43 . The liquid membrane of fuel 
is formed in the inlet pipe 68 in the conventional fuel injection valve with a large fuel particle. For 
this reason, the fuel quantity included in an engine is changed sharply. On the other hand, like 
this example, in the case of a small fuel particle, since evaporation rides on airstream easily 
early, liquid membrane is not formed, either, without adhering to the inlet pipe 68. For this 
reason, since there is no liquefied fuel and it is uniform also in the combustion chamber 69, 
combustion is uniform, and becomes close to perfect combustion, and HC discharge from an 
engine is smoothed. The exhaust-outlet situation by the conventional big and rough fuel particle 
is shown in dr awing 44 . As shown in drawing 13 , HC is conventionally discharged by the exhaust 
pipe in the first stage and the second half of an exhaust stroke. On the other hand, discharge of 
NOx is formed into distance Hitoshi Nakahira. For this reason, NOx and HC ratio are changed in 
time and it cannot maintain at an efficient value. HC after the purification after the catalyst 1 
and the concentration of NOx were shown in drawing 45 . Since HC concentration is changed in 
an exhaust stroke, it is not purified in an exhaust stroke in NOx and HC. 

[0031]The effect in this example was shown in drawing 46 . Since the fuel particle supplied to an 
engine is small, HC discharge is equalized. For this reason, the ratio of NOx to HC is fixed in the 
exhaust stroke. The catalyst 1 always operates by the best exhaust air concentration of 
purification efficiency by this effect. HC after the catalyst 1 and the concentration of NOx were 
shown in drawing 47 . It turns out that both are purified. It is effective for a NOx decomposition 
catalyst to use the fuel injection valve which made the fuel particle small. 

[0032]Another HC smoothing method was shown in drawing 48 . The swirl control valve (SCV) 70 
which gives a turning stream to inhalation of air was formed in the inlet pipe 68. A vortex is 
formed in a combustion chamber of this valve 70, and the inhaled fuel is agitated and equalized. 
For this reason, the same effect as the example of drawing 41 w hich made the fuel particle small 
is acquired. That is, the concentration of HC discharged is smoothed, NOx and HC ratio serve as 
optimal value, and the purification efficiency of the catalyst 1 becomes good. Thus, the 
combination of the swirl control valve (SCV) 70 and a NOx decomposition catalyst is effective. 
[0033]Another HC smoothing method was shown in drawing 49 . As shown in drawing 49 , the inlet 
pipe 72 which makes the vertical vortex 71 in the combustion chamber 69 was formed. The 
inhalation of air of this inlet pipe 72 flows in from suction valve stay 73 direction from the usual 
inlet pipe 68. The eddy is maintained also by the compression stroke in which a piston goes up in 
the style of [ this ] a longitudinal vortex. For this reason, the fuel in the combustion chamber 71 
is agitated well, and gaseous mixture is equalized. The situation was shown in drawing 50 . Since 
the gaseous mixture in the combustion chamber 71 is equalized, HC discharge is smoothed and 
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the purification efficiency of the catalyst 1 becomes good. The fuel injection valve which 
microatomizes fuel according to an air current may be sufficient as the fuel injection valve 74. 
[0034]Another HC smoothing method was shown in drawing 51 . Among an intake stroke, as 
shown in drawing 52 , a certain grade is circling in the inhalation of air 80 inhaled in the 
combustion chamber 71. If fuel is injected in the turning stream in this intake stroke, fuel will be 
agitated in the combustion chamber 71 and gaseous mixture will be equalized. As shown in 
drawing 53 , the turning stream is strong the second half of the intake stroke, and the effect of 
fuel churning is large. Since the head of the piston 81 will not be adhered and covered with fuel if 
fuel is injected in the second half of an intake stroke, there is no increase of HC discharge in the 
second half of an exhaust stroke. Thus, since the discharge of HC will be smoothed if fuel is 
injected in an intake stroke, the purification efficiency of the NOx decomposition catalyst 1 is 
high. The fuel injection valve which microatomizes fuel according to an air current may be 
sufficient as the fuel injection valve 74. Fuel injection timing of the fuel of each cylinder was 
shown in drawing 54 . An intake stroke is (b) and carries out injection (**) of the fuel into this 
intake stroke. 

[0035]Another example was shown in drawing 55 . As this showed drawing 55 , in two or more (b)s, 
the air-fuel ratio to which NOx/HC becomes the optimal in a lean air fuel ratio field makes the 
Lean air-fuel ratio (**) control objectives also in it, when it is. However, if it becomes larger than 
lean limit air fuel ratio (**), let a lean limit air fuel ratio be control objectives. The flow of control 
is shown in drawing 56 . It is set as a target air fuel ratio at introduction and Step 560, and 
NOx/HC is detected at Step 561. If this value judges it as the inside of tolerance level at Step 
562, it will Lean-ize a target air fuel ratio at Step 563. When this Lean-ized air-fuel ratio is 
smaller than a lean limit air fuel ratio, it controls by Step 565 to the bottom air-fuel ratio of an 
air-fuel, ratio Lean-ized at Step 567. When the Lean-ized air-fuel ratio is larger than a lean limit 
air fuel ratio, Lean-ization of a target air fuel ratio is not performed. When judged as the outside 
of tolerance level at Step 563, a target air fuel ratio is changed into tolerance level at Step 564, 
and it controls by Step 566 to this new target air fuel ratio. 

[0036]Another example was shown in drawing 57 . This example is a means to change the 
operation timing of a suction valve and to smooth HC discharge. HC discharge of the exhaust 
stroke was shown in drawing 57 . The fuel liquid film adhering to a piston head and the cylinder 
upper part is discharged at the early stages of an exhaust stroke, and the second half. It is 
necessary to reduce change of this HC. In this example, HC discharge is smoothed like a dotted 
line. The operation timing of exhaust air and a suction valve was shown in drawing 58 , and the 
solid line showed the conventional operation to it. Exhaust air and a suction valve are overlapped 
near TDC. At the time of low temperature starting, at the time of start-up warming up, when 
there are many HC discharges at the time of idle operation, etc., operation of an exhaust valve is 
changed like a dotted line. By this operation, HC discharged in an exhaust pipe is returned into 
an inlet pipe (internal flowing back). For this reason, since HC which carries out a direct run off 
to an exhaust pipe decreases, HC discharge is smoothed. HC distribution in the cylinder of each 
distance was shown in drawing 59 . Since the exhaust valve 91 is fastened a little early by an 
exhaust stroke, HC of the piston head shown by the black dot is not discharged by the exhaust 
pipe 2. For this reason, if the suction valve 92 opens in early stages of an intake stroke, HC will 
be returned to the inlet pipe 72 (internal flowing back). This HC is again inhaled in the cylinder 71 
in an intake stroke, and is distributed in a cylinder in the second half of inhalation of air. Thus, if 
HC is made to distribute and afterburn in the cylinder 71, as shown in the dotted line of drawing 
57 , entire volume will decrease and will be smoothed. 

[0037]The device for realizing operation of drawing 57 t hru/or drawing 59 was shown in drawing 
60. The suction valve 92 and the exhaust valve 91 are moved up and down by the cams 93a and 
93b. The shape of this cam is changed with the drives 94a and 94b. What is necessary is just to 
operate the drive 94b for HC smoothing, since it is operation of the exhaust valve 91. Thus, the 
purification efficiency of the NOx decomposition catalyst 1 improves by making valve timing 
variable. The variable method of cam shape is shown in drawing 61 . The cam 93b differs 
[ shape / cam face ] in (b) and (**). For this reason, if the cam 93b is moved to right and left 
with the drive 94b, cam face shape will change. 
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[0038] 

[Effect of the Invention]Since NOx can be efficiently purified by any operational status of an 
organization according to this invention, an emission requirement and fuel consumption 
regulation can be simultaneously attained with a high level. 



[Translation done.] 
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